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(57) mm: 

mm -fwr-i >vt,)V74 H-rv^7- e (pd 

I) S£^©8Si, Rt/Satfi^t^ffl^U^^H* 
Srn-KfSDNAtt hPD iae^tA^^SSfS 

^s-esdttctsPD 1 ©iii§#& 

12- .5 r t ic £ * S# y H ©Sjg^as^® t-r 

t hPD 1 ©^:s^iiffi^«63i$n, 
mwa-e© t hPD 1 ae? t©«fssic«t o^tfu 

K©S4^l^©|n]±*^l6t 
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(2) 

1 

IfBSIffl©. thJta^7;^5>^uyniB?iJ$3-H 
[»*S2] E?iJ#^2IC^Sn5-2 4SB~+4 

k ft'otH' yv7,)Vy-< y*5— tffBSffl 
CD, khJMiT^a^l^DBWfca-Fr&DN 

M*9 3 ] MfB&SE?iJ#E5iJ#^ 2 (Czr S n* 1 

[»*^4] a*3Si~3©v»-rti^-JBiria«coa 

e 

[8t*B5] «*3H4E«©55jS^^^--eiS3ES» 

[H*^6] 5 iB«©«me a? 

[R#B7] K*jai~3©^rn*-JBtci2«©a 

F-fy*?— £©«?&#£. 

[Bt3fcB8 3 B^JBl~3©VJ-fn*-3BlcE^©3i 

30 

i!9iBSa»*.kr-y , n5W >^X;P:7w F-fyj*5— tf£ 

F-f V*7-1?*, BfoM4#5A?DVh^7 
TSNBEDKr £ C i SrftS S 8 

£«©#£. 

CW^SIO} »*97~9©^1*n^-SCIS«© 40 

xmzzvxnzftz. iB?ijs^3ic^sn5i#s~ 

4 9 l#l©75yKffi^&^5fflftAkh^n7-f 
>^X;l/7W F-f V*9— tf. 

1 1 3 ^fES^^w*^ i ~ 3 ©urn* 
-*KE«©w»Gffi:4a*B»£r*:j«y*w 
F£3- Frsfl-*itfc?t tatwiNEii*. 

(M*a 1 2 ] »Keafltf»ltt»V«?ft«M:ft 
Malta l 3 3 aasaewt h jfii»7;i/^5 >£3 

- Hr*ae?"c**iww 1 1 !ae©j&jsi£&#. 50 



#HW6.-3 8 7.7 1 

2 

m*m 1 4 ] ii~i3 ©v^m^-aics 

* 9 — fcffcg^ £:£S& S » tr -5 # U « 7? F « 3 - 

Fr*fl.*fi£^t&#&as j rc&#'j fs« 

*#'J"<7*?-F©«jl£iS. 

[§»jfcEl53 Jp'J^y^F^kFjii^J^S^-e 
fc5W^14IB«©m 

[0 0 0 13 

[£3t±©#Jfl3#IH *$S93tt, #'J^7>F*fflS>X 

rsflaiatfiyfccDasssicnT*. 

[0 002] 

NE&attlH in vltro_T?©^ttSeS©B*^(Rcf 
olding) *»©*££«}; 0. *U^?H07*-JP5 ! -f 

M>mtii 7u u F©A«fcEJ&fl<fc« c 

£>tt (Freedman, CeU 57, 1069-1072, 1989;Fisher ft 
Schmid, Biochemistry 29, 2205-2212,1990) , 7*— 
JPx-f >^K)Slc*^5Ctie.©jlV>Sji6:S»jKrsBi 

-fV*5—tf (PP I) 30*. *»Ktt7*ny-f >i>XJV 
7^ F-fy^5— If (PDI) tftl/t ! *-»ftf*! 

mviW^nr^a. in vitro <D$m.Ti$. znt>o>m 
n. ®eTx^wiz*S3n&^F«ttses©in vitr 

o_T©Bffl^'v©fiJffl^#A6.nTV>S (Schein, Bio 
/ Technology _7, 1141-1148, 1989 ; »jt5SH, B*S 
Sft^SS 64. 1035-1038, 1990) . 

[0003] pdiii, pj^ttT?, nsas©ffF«*e.Jt 
^snTv>£. pdiii FJS-& 

©32S4SflSStt«tt. SSSSH©^XJW7^ F*S-&© 
• Sttfb • »*Vitt«jcSff 5 wt*JT?«* (Free 
dman, CeU 57,1069-1072. 1989) . PDIttln vitr 
o Ttt RNase&i , ©^-F^'f>*^)&:*Sea^. Jfil 
rf7;W^5 >££©£« F^-f >A^i45gaS»S© 

» : frti?©v'x;p7^ Fue^o^^fts^^^saiu 
&o, xs^aE^D^'j^^D3 7-y>^f©<fc3 

F18ji?£Jfogee©^H 1 WT©^X^7 

Z> (Freedman, Nature 329 , 196, 1987). 
[0 0 0 4] «¥LSi*3lS©PD 1 tt, 1*^5*55^ 
7 1 1 * 6 fe* # U FO**^-f V-itT#«E 
U #te»TKttS©5SV»p I© (pi 4.2-4.3 ) £ft 
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(3) 

3 

[0 0 0 5] h<Z)IF!Efi3te<£>PD I fcO^T, 
ae?*«iUiS*U *««eT08*EJU:DPD I <D 

©Stt«ffi75/BE?!l*19ot*^6nTViS (Edma 
d et ah, Nature317 , 267-270, 1985). ^l/H* 
->>t4, An vivo'C^>->a.U>O^X;V7>f 
STCbfcD, RNase i0 
Jlf* 21 t*«T€t* in Yivo"gg>gaKg)7^— JPtV 

V>£ (Pigict & Schuster, Proc . Natl . Acad . Sci . 
USA 83, 7643-7647, 1986), 

[0006] pd i ©*#rt-e©#ft«tt* ffijaoasi 

«Brtte*V>TfePDI)9«. «L<<& # 
J8S*l*#IWa«©^;V7-f F»£©#J*fcB#L 

frK £©P#, PD I 6«sVi«U&/MB#4MiljetfTtt 

j&f4fc£A/i:fie>fcv^ pdi *un**4:, 

ttT^S (Bulleid & Freedman, Nature , 335 649-65 
1, 1988) . 

[0 0 0 7] PDIfc^m i?X)ly J 30 

BfeoTV>*R»*t#SnTV>S. PDIlt 

4 -/vf Hn*5/5— tfottttta^y FT*5i3U-:/:x 
= ^«HeK©N-^UaS/;WbC!)afi-C, Mr 

fSfctfiOStl*^? H©->y^E5»J Asn-X-Ser/Thr 
ftBB-T -5 ^ U =3 i^Mm&^m&n (Pihi aj an iemi 
et al., EMB0 J. _6, 643-649 1987 ; Gee tha-Habib e 
t al., CeJl 54, 1053-1060 1988) , S6fc*)t, ¥ 
ttB^U^^ie^HaRttriiodo-L-thyronine binding 49 
protein) (Cheng et ah J.Biol. Chem . 262 , 11221- 
11227, 1987)fc££©HH4**jRS*U PDI»fOi 

ns<0**fcll!jl, PD I^fc»4ftfc*$H*Tr»* 

%*.6nT^4575yKE5>Ji*ratt*t*SEJIIft» 

Sftfc?* U hntfXFolli tropin) ^hnbT> au 
tropin) ft^OttBljBa^^^CBoniface & Reiche 50 



*f#PI¥6-3 8 7 7 1 

4 

rt et ah, Science 247 , 61-64, 1990), *X77 
?'Wy->l — M5-W*77j< h*l,2-i?73/ 

;i^y -fcn-jvt-f / h-;n,4, 5- h«j*x7x-h 

(Bennettet al., Nature 334 , 268-270, 1988 ) , 
PDI^PDI *^©»ftrt»TO*t>»Tj£«a:± 

[0 0 0 8] K±<7>J;5tej2:*Ba:»#3J«3Ri«SnT^5 

at, pd i ©*ft3»»4»Trtatf»TB©^*7^ 

LfrLLHLB, &i^fc¥*tt»fc*©PD I #MI 

rv^7- t?sttjws^»&fci4, sag 

-&^S^J5K^rsSH(01^^^(D^X^7^ F-f 

ttVY^yxi&Kfryj fsjgHW&l 

5 y h ©8* cDft*tMfr P D I mRN A^fiOit 

t* *■>■»>«*. nm>&m>m<D 

m> ^6 21©;:fc*<ai<Si«*nT^S (Edman £>, N 
ature 314, 267-270, 1985) . 
[0 0 0 9] *fc, »7C«n&Ktt«DIBtt«SSaR#JS 

$n^Tab^55o £<D«fc-5fc«»l4> n>A- 

-es^>) ^jg^$-&cfc^<i:i-^^^, -^ogastciiu 

[0 0 10] cn6-r>OjiS»4»lj|ADNAtt«*«^ 
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5 

[0 0 11] LfrL&a*e>, H$*Tin vivotp^T7 r 
[00 12] 

WW«W*l/*5 4:-r*IW*ifl in vitro T©3!te 

[0 0 1 3] fchPD Ift3Mie!>t:MM1l7 

JUr/S^WT/DBflSn-FT-SDNAfcfc'hPD I 

[0014] ascsfc, *%9)B. As»?rtta:Ki 

18*&¥-£3sM>& B Wtf ** U F £n - FT 5 

thPDi KzfRn3iatfiT« - 1 c ± a 

k# u f ©sie*i£&^«-r -s n t s s n t -r 
a. 

[0 0 15] 

[B«jftft«Wt-r*fc»C!>#ia ±EB 
S^l^DE^JS^-FT-SDNAchh F^Dr-f^ 

[0 0 16] «Tlr*«W©S¥iHS*i»WTS. 

[0017] t hynT-i" >yxA7-f F-fv*7~ tf 

(protein disulphide isomerase ; TPDlj tV&$F? 
S) cDNAfca-FTS^n-^te, bFffFRAgtll 

cDNA7-f 75U-fttft F/MUgtll cDNA^'f 
79 »J- (Clontechft) *&&«>J;3CLT&ll3n 

[0 0 18] b FffRfttf b FJfcfiAgtll cDNAJ'f 

-^DNA&y.f.fl^-lcHjrfS. — 7J, th^nu 
> 4-#Kfc»?!? (PD I fcE-*>/^H) cDNA 
[Pihlajaniemi.T. S (1987) EMBO J. _6, 643]© 243 
«S»6 282#B©mSE5«©ffi«^lt»iS:T-540 mer 

if— >3>tC«tDIH4^D->£^^«J-->^t. 
©7 7—^DNA&EcoRI iftfcU i§£ft£iftl50 bp© 



4) #$¥6-387 7 1 

6 

-f >U— FDNA£PDI cDNAX^U-n>^ffl'/n-^ 
tTS. J1©^D— ^^fflViT, fcBSgStt 
fc±E7r-^DNA^y-r^Lt, Blft^n 

[0 0 19] Ji©«fcpC:LT#e.nfcffiS:©|gftfo- 
>£EcoRI iBftUTEcoRI -f^D- hDNA£rK-&# 

ft, lfKS*©£0->(pHPDI16) tJS&fia*©* Cl- 
ip >(pEPDIp4) iTbhPDI cDNA©^gSA/t-L 

[0 0 2 0] ll*0->©DNA«aHBJIIft*JfcU&l* 

ft. tn&Wi' D->*tEJij#^ i fc^^nS±S2454 
ttttttfr&Jft&h: FPDI cDlttta-Fl/THSEi:*** 

Asp 1 Leu 4 * 1 © 49H@©75 ytttf»S 

*MK3n-rt>«2:*x.&n. asp 1 Kftfff*i7«o7 

[0 0 2 1] *%fH P D I - m&zitzittb 
©, t hjfiifS7Jl/^5 >Jte^P ^V^nE^Sn- Ff 
SDNA&MGbhPD I 

[0 0 2 2] ttgttitKftt. «Jt»J»lBCKl*-rJ: 
5fc, MPD Ute^CiSSitK^U^DE^JSn- 
FTSDNA£Eg31*£££l£±oT^8ian#5. 
flU thPDIS»3Wt-h/>h (/htttt& 
#A6nTV»*) C*i3|-r-5fc»fflU-^-E?iJi:bT 
30 lit hJhffl7»?5>©:/U:/nE$iJfcEJ£T*i!®tt 
fc<, «6©->^Jl'EW J f»yU^nE5tJT»oTt>± 

[0 0 2 3] AfrMltB, We^D-> pBPDI16Rr/ p 
HPDIp4 DNAS, *^EcoRI/PstI. Pstl/BanHIt^flSb, 
*&490bp S^*«J1.3kbp©DNA»ffr$#, PSBfM-*EcoR 
I/BaBHI 58^^7X5 F'Sd^-pUCimiai&L (pbPD 
IBB), Kuokel^ [Kunkel.T.A. (1985)Proc. Natl. Acad. S 
ci. USA 82, 488 ] !r<k»3 cDNA±©PD I 'stf-tfr 
mmt PD I *«:t©«^g|5^(c{MISBi!lNaeI«JBfffl5tt 
40 S^AL(phPDINae), Nael/Hind III i8fcfc«fc0 PD I 
J'^^EH***ftt>»1.7kb ©PDI DNA »rfrS# 

[0 024] 

pUC119€;EcoRI iBfcU rniCXhoIU>*-: 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

^S^b, XhoI/BamHI^-fkU. iftCk F±»7;py3 
> (KT THSAj iWRr*-*) ^l^^nE^JSaigL 
(pDC 119 Sig) . Stul/Bind III ffifl:L3.2kb ©DNA 
50 »rH-£®-5 (H S A^wyaE^J©-&fiEStt^©§IJS 
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[0 0 2 5] phPDINaefi3!SCD1.7kb DNA Brtf-£pUC 119 
Sig **©3.2kb DNA 8rJ*-£ffii|glx(phPDILyl), EcoRI 
iB-ffc. KlenmrtfiM-tCkS^m, BamHI mitZmkff? 
THS Ayu^ngB^JTSSt'k NPD I*ft&^lKbfc 

(^20) . v-?-mm&&m<Dmmm&?z&z>z- 
[0026] *^w©a^a^©^s^ftRt;-€-o« 
&<. PD i s^ss^sffi^j^-rsfero^r^ 

JVC****, t h«fl-©te©ft&S*©»j£fc£^e. 

[0 0 2 7] *5!We*fc. E^S^2lC*Sn*-2 
4#l~+4 9 lSB©75/SE?U*3-H-r-5«* 

ffi^e^ssajeae^ss^-rs. £©«-&, ci© 
^ewfc*«»fcw«©twii w^sm 

[0 0 2 8] #58W43&IC, *KnSISSfiTfttt^ 

[0029] ^^aiigae^sffi^jityfcje)©^^ 

-tt, «^rt-C56SnIte-r»DJ.oSfitBS*-r2)fe© 
[0 0 3 0] *RW©SS!'«r 

i^-tUTte, flAi£*ll«AlCJ:«ttll¥ 2-1173 
84^4iaiCffi*©^7X3 H PIDB-ADH-HSA-A (810 
-C#fiB) ZO-fyXS. V\tESA cDNA£ 

*fc»#7Jl'3-;i/5 I t Hoy±-1f I (ADH 
I) ^a^e-*-. 7>tf>U 
>Bftt&&F(Amp' ) , JWfceu2»e?*-£A;Tlr»*. 

^©^77,3 K£, XhoI*frfcU KlenowSgrM" 
fci0¥»U BamHI iHfcLTHSA cDNA^^STS. # 
Sfl&HWkb DNA »r)t©5' *B*KU >*<tbfcffc, SJ 

X3 K(pAEhPDILyl)S#5ri:*tT€-5o * 

«wo«sae? a Ri«©ttC£ *-? - 1 

^T^SS"J©a^© / ^^^-*^T-5^i: ! bT^5. 
[0 0 3 1] *a8WBS&fc, *5g^©5gS^^^-T 

[0 0 3 2] IgzfetLTte, ttm»&:£©II« 
1g£S»£UTtt, Saccharomyces ce 
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8 

revisiae^ a*#tf5tu *8H©HWC&tt©fHtt:fc 
JfcoTtitffcBHSAH22«e]W*lC«M3ft*. 
©«H*T***«. »*«*©**»« (09*. «. n«i 
MB) fc^itbT€fflb^.5CtttgK-e*55. » 
£fflJ®^©36S^*-©#Ae«fflW:#ftm^S 

ft. «a^£ft£l;:£t)*ACftiK3nift«. sw© 
JBH(E«frtt, 5SS!^?*-atpAHhPDILyl©«-&. #5 

[0 0 3 3] ftoT, *£HI4£&. ±^©«fc5»CbT 

f^»bfejg!i^ftrt-c2is:f!w©aiieae ; f*^3-& 
^jitjcisaift^t hPD i v>w&ii&zmm%. 

*ftH©**tt*CJ:ntf. *K«©Wtt»tt»&TlC 

[o o 3 4] a*, *aH»ftSCT«ft£rt-es«3 

[0 0 3 5] ff£&l/TV££JBto«4|ftlCtt, thP 

ur»«B«i.©«*Hyai«, tt*««©«£*«tffl^ 

&n*tt&lctt. 7n-fc$/>jffc3»*T^&^k hPD 
[0 0 3 6] a<&>#£K£DMft&**Jfttt&«&M 

30 u «s.££i;T»ft«tt»u mzm%.\mft-&mz 

-K»W-*CtfcJ:DIWAt HPD I 

f»*W*tt*9Attlte©fe©fclHftSft* , b©Tttfc 

VJ*t, W^.«TSK-gel Phenyl-5PW^*tt*vA GKV— 
8) *<ffflSn§, uffligfflMthPDlltKCI 
^■jfr^KftflSft (pH 8.0) «F0.85Mj&>6 0MfiSK7> 

^->>A^©it«s«ss4affiic<tiD^ffl$n#« (®4 
0) „ sDsi^ftiM oesB) *&aa*.bhp 

•s^tc*?). ^enfcaiftx.t hpd i KPD i^tt 
[0037] **w*ttfc±r3Tje±sn*aiM.t h 

P D 114, 35«Sffl©t hPD I i:JttllEUTN*^7Sy 

ffi*^ Asp*^6Giy »cesc^^n^t>©-eJbo&. for. 

#3gfjl4 481fi©7ayB^6d&«G9HH»3lC#an 

S Gly 1 Leo" 1 ©7S y &ffi3WE>«j£3ft 

5ffi«iAb HPD I Sr'&gtt-rs. 
50 [0 0 3 8] *5gljm3 6fc, *^Pl|g!ft, t hPD 
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(6) 

9 

i t btimrjvzrs. yfuju&mzn- 

[0 0 3 9] Jggg&#*©&3&££^£Stf1.3feil£ 

8. «ft^&tt£©1IUltt^?&±AI&A-r«:: 
[0 0 4 0] ttft&B&?££?T3-lt3n«#'.M 

a n& p d i fc&v$i3kim&mf3„ # u f © a> 
s&K^jfeae^tLTt \>ihim7)i>7s.> (hsa) 

S3- F? S»fc?£it#-r*. 
[0 0 4 1] #938l«(p. r^'J^y^Hj 
tt. S&RtfgS^^FMtfKgaiS^tr 

[0 0 4 2] £fcfc±tbTtt, *M. ttmMfct'© 

mmmm, mm, w>^mmm<DMmmmamifm 30 

[0 0 4 3] *»Wtt^etC, -bffi^ltlB&#t*IT. t 

u f s aiR-r* £ ta» & dE*>K u ^7?- f© 

[0 0 4 4] #589l©#ilfiflB«K«fct). kFPDIfSi! 
7?*3F&m>THSA£g&i&&gmE&l/Tft& 40 
nfc»*rt-CHS ARtfPD I £ffi£©fcifi*T#S)!§i 
S*fc»^Ktt. JHfcKSBSIS'tt&^tifc'CT, HS 
6 o xma bfc (8 8 m) . 

[004 5] ai6c:ifii*snat)>botta:v^. 

fc*5HSA#»*©iiftfcHLTtt«T©«fc3fc#;L 

[0 04 6] HSAB, 1 7fl©5?yUU7.f F*££-£13 
•^geSTafeO. AO. in vi_troT©^14geS^e 
©S*«SI»K*^Tft:^fii6Wfi©PD I ©i¥ttfc,k 

o. -5-©»&«j§»i£a«ffiiisn5;ifcatfflSttTv» ' 50 



4#S¥6 -3 8 7 7 1 

i0 

£. 

[0 0 4 7] I S 2 3^tC«t-DT. HSAIJpJ® 

& : ?ima-&nx»z>. sDs«a»»3£c«t»), saia 
i*3©h s a «»«fT s t . m5im^^rfv\t^)v±rm 

-A'> F t UTiE^^H S A^tm—O^mti^tO) 
tc»U SSSBIMFtfFCtt, J: 0 #?&©*« V>7B 
tttt/OFS&lxTtttttatU W6*>KiE«a:HSAt 

6HSA»ftt. SH^rtS***?* F»&]OTBS5±fc» 

*««stffc«i«s-ett. tiufert©HSA©g7fti##& 

ttosd s mm*sraa, h s a^tus^o p d i 

cDNA*#5M3lTOvfcfr>M*#&ftfcMfcAH 

S A&ntlt&VT& K> F 1 1/TKW1S 

n*^t*>6. PD I ttHSA^rt©IE«ttJ?^;V7 
-< F«te©»*ftflHlU JiDgMWIZHSAft?©* 

at. *££fc*ia£ft^HSA©ffllfirtT© 

fc»*«««inl/rw* £S*>n*. 

[0 0 4 8] *&, PD I *&%mZlfftm&f£ltf3. 
V>»£T?©H I S 2 3fis«BBSl*3©HS A©mRNA#fiE 
SSNorthern^D y hft fc«fc 0 tttfcf 3 P D I Sfc 
TS^Sa-&&«'&lrH S A©mRN ASjOtJiJnUT^ 
•5. d©Cttt, PDI*»a«HSA^fc:ftEfflUTV» 
SW&B14;fc*ttTfc<, HSAaeTOCTVOHCM* 

>© u -^-E?ij©ia-&fci^T t h P D I ifi& 

m tzwrnm* mtoznttz. tiHs a o^iBMnm 

tfceitt^ffiBltT^SClii^e, PDlIt /hJBfl: 
»CfeViTHSAi;«#U. jt^HS AJC^fflL,&Jlt*i 
H S A©a*l/^*±#a*fc*«HT** t5t>tfc 
faei*t«fcD^WT*5«fc'5lZ*A-5. a6t, HIS2 
3tt<tD^«5an7tHSAtPD I ©g£#5fc, PD 

ittHSA©sc«^»anT*o, ae.icaBBawc«iffl 

Id nlro_T©S«^tCfeViTffijt^m-&S-r©tCj£JS 

t a p d i «*t+»fc«w#fr*B#rtT hmm 

nx^st>©i:«i^an5. ^©^t^sfc, pdi*« 
hsa irtts^ffl ur v»* n t i/Tv»* * * ic* 

[0 0 4 9] ^©<fc5lC. HSAfflWTPD I ©*5SS 
D I tfi&&HSA©X#^K&fcftV>TV>«5rflgtttf 

^jtsc^^Tfe^-sffljartTPD i sBftfcJtsssaa 
tsuttiD H*©»»*©«n»«3Wllwc* « t 
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CO 0 5 0] £TF©5^«fc«fcD, £&£*RHeR9! 

[0 0 5 1] 

[^JS«*J] 

t: hPD I (protein disulphide isomerase)cDNAg)#a 

fchffFKAgtllcDNA^-f (Clontechtt) »100, 

000 #C3->£ 0.2KOVJH — XSr^tTLBJgifi (IX 10 
/t^hhU^hX IX NaCliSAtf O.SX'f-XhX* 
Xh^h) T37t-«^Ufc^«Y1090lW*i* 
500// 1 fcfi^U Ztl\Z 111 NgCKs 5 Ml ^30^.37*0 

*&. 2in*50ml©LB±H*^*» (LB»«L 10m 
M MgClifcAtf 0.7%7#D-X) fcim*.i&&«, 23cm 

fe. ft6tl&7 7-?S7>fJW- (Hybond-N ( Amersh 
amtt) fc»U 7JP*U*tt (0.5N NaOH *3£tf0.15M 2? 
NaCl) iC§Lfe3MM itiffi (Whatman *fc) ±tC, 7r-v 
OW»lB*±Clft»tTl»BIM*, fcV>T+MMK [1M 
Tris-HCl (pH7.5)*3<ktfl.5M NaCl ] fc«LfcnJUB± 
fcl$M«nv>fc. Zt>\zyj)V?-* 2XSSC }g*R (20 
XSSC =3M NaCl %>&tt 0. 3M ^ X HJ# A) 

y a )v?-*m^TsrF0^m\z$£vT\ih?m cdna© 

X£U-X>^£frofeo 

[0052] ^D-^icjau thyny>4-*ift» 50 

31 (PD I £H-*>/^» cDNA [Pihlajaniemi, T. 
et al. (1987) EMBO J. , _6, 643 ] <D 243#B*>S 2 
82S@O«SE^J(Offi^t^«;-r^40iner ©*U=fv 
-DNA (5 ' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) g»DNA-&j£« (Applied Biosyste 
mstt^x;U380B) £«k O^/£Lfefc0£ffl^fc. 
[0 0 5 3] £jb£DNA (20pmoles) £ 50mM Tris-HCl 
(pH7. 5) ; lOmM MgCh , 5iyftXHh-Jk 10 
0 /iCi [t- 32 P] ATP (^3000Ci/mmol, Amersham 

S£tt) **tfl««50Ml +T37t60»IBIR*S*^c: 

hi§*£<iooxx>/vi/ hmm= 2 %£~>ifaflJ7;i/:/5 

>, 2%yja—)V 400*irK2X#UHn;HfDU H 
» , IN NaCl , 50mM Tris-HCl (pH 7.5), lOmM EDTA 
(PH8.0) , 0.1%Hx'>;Hf^n5»K^hU^A^ct 
tf20Mg/ffllOiB*a[ffl3ISU&*^rtt^DNA] K37 
TnWIBKLfefti, ;W^U^if-v 3 >SIS (7 
WW^U^-K-S/a>**iCttl0 6 cpm/ml<Z>_tgB& 50 



ttBB¥6.-3 8 7 .7 1 

«DNA**tr*«0 tfc3rci5«fini«iyfc. z.v>y<< 

)V?-& 2 XSSC «KS^T£fiTft»U T5.&IC2 
XSSC, 0.1 «Hr^Vlf^3>'>lt^hU^AJ6« 
T42r 305rWft»UfcftX*7 A )IA (XAR-5, Kodak 

a) fc-sotT-iMHfcatffc. 7-f-;^Aos«©«t 
*» i*x^u-->yT8^©ntts/y^ei»&. 

[lOOmM NaCl, lOmM MgCU , 50mM Tris-HCl (pH7.5) 
£<£r/o.oi%if^>] fcBU 4t:T-Hft«Mrr*£ 
tic AD, y;V+07r-^**«*lCHiRU&. £<z> 
A 5 fc LT# £>nfe 8 S<D 1 ij -~ >^S§tt7 r 

n->iUT»ofc. ClCD^n->lc:o^T$^lC3* 
#8tbfe. 

[0 0 5 4] #enfciltt^n->(07T"^DNA £Le 
der [Leder,P. , Tiemeir.D. 4 Enqnist L. (1 

977) Science J96, 175 ] (C<fc DfBffl Lfe. #*nfe 
77-^DNA© l/5fi=£SfK [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCU 6mM MgCU , 6mM *)V*7bJi* 
O.lXif^X 20Mg/BlU#Jt^U7-* 
AfcAt&Oflift© EcoRI (-^^>v->tt) ] 50ul 

+T371C l ttlUHBftSk, 0.8%7«n-xy;UT«M* 

-hDNA^:i:W^L sfyW5i?- (Ge 
ne Clean T », Bio-101 tt) Sffl^T-f hDNAft 
»St-S»Ufe 0 ®iKbfcDNA»fM-*520ngi: EcoRIT 
*ftLfcpUC19 ^^^-JiQlOO ng^^DNA^-ry-5/ 
3>t-;h (S«i§?t) Ai$20/*1 , B«4m1 
TietlSRfMSK* It -6 21 1 A 0 SD N A 

s*&a**.^5xsi«ei»/t. ccos^ssiowi zm 

V^TMandel^ [Handel, H. & Higa, A. (1970) J.Hol.Bio 
1. 53, 154 ] [IcfcD^ISSTGl^^^HCSlbfco 
»6*l&»Reai#*25M g/ml7>K 5/U >ft*tJL 
Bi&jfi 100ml^37 , C-^^U, 7;U*U8Btt [Birn 
boim.H.C.S Doly J. (1979) Nucleic Acids Res._7, 15 
13] IZ&Q^yX* FDNA^iKlL Z.<D?y7s* 
HDNA10Mgft*R[100nfli Tris-HCl (pH7. 5), lOOmM 
NaCU 6mMMgCl2, 6mM ^;U*yhX^/-JK 0.1% 
if^^>*5<fci; lOOlJMi© EcoRI (X*y2p>>?-> 
tt) ] 200 Ml +T37 , ClWHBWfl:tft, 

;i/mmsci!ifT^rco sKjisobp ©>r >u— hdna^^^ 
yy\zm^z>7u-?tLtco 

[0 0 5 5] t hPDI cDNAO^S$^tf^D-><£#-5 
fettle, KttTh hfFKAgtllcDNA5-f ^5U— (Clon 
techtt) *550, 000^ D— >*Atft htefiAgtllcDNA^ 
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479*)- (H4t) »50,000^D->fcOUT©X*U 

IBlSObp thPDI cDNAWfrttlOO ng£ [a- 32 P] dCTP 
(>400Ci/mmol, Amersham $t) j5<kZf-yZ h^>Xl/ 

/W^U^1?-i/a>JWK6(rci«flBI«Ufc«, A 

>SJglC»10 fi cpB/ml©±E*«DN A * 
fc6(TC15»|IB«l,&. Z.Q>y4)V9—Tk 2XSSC 
fl3l>T*fi-Cft»U SSlC 0.5XSSC , 0.1% Fry 

;nf )iu f>m* b u 9 Awrwrc i i»#raifc#Lfc& 

Xft?^ jUA (XAR-5, Kodakft) fc-801CTr--tfMBfcS 
ttfc. 7-r;PA©a«0**» ffFH cDNA7-f^7U 
-±D6ft i&tt cDNA5^:/9U-J;D5«WD|»tt 

9y-<tD4a, J36S cDNA9<^5«J-«fcD3fl<3!) 
»tt^D->S»(lUfc. #^n^:7^co^D->(0 E 
coRW>*-hDNAirfrtttatH«Oj&a6fcaoT 
^7^5 H"^*-pOC19 OEcoRI g5&(CU-^D«-> 

JftHSffrtLft. ^oje*. APS cDNA©4<3:fc<ktf 

Bfcfi cDNA©2ti*«2^fc*-A— 7yATi30, 

■e05'&0fffKa3feO^D->lO(pHPDI16) t 
fi&Sfi*©^D->lt?(pHPDIp4) ©2^TBW<t"r-5 
fchPDI cDNA©^fift*;t-LTlf^Ht*t, Z.tl*>(D 
^n— >tPihlajanieni6©^n— >o*HBS*aHO 

Jttt^s^aanft. m^d->c^^t mi3 sequenc- 
ing kit OW¥tt*tt) , M13 Sequencing Kit (^fijfi 
tt) SScktfgl&DNAS'— *X>tf— (370A, Applied 
Biosystemstt) fciODNA*!EJiJ*»gl/ft. Pihl 
ajaniemi^O^-^^OitlStCcfcDi^^D— >»4^fi24 

**fcfco*i <E*I*?1) o 

[0 0 5 6] bhPDI CMMBEBT^XS PcMME 
±IE©hhPDI cDNA^3-Kf ^> 2^(0^7 a — >pHPDIl 
6 :fc<};tfpHPDIp4 ftfefclCLTfc bPD I©Hi«fc45tt 
**Sffly5X5 H*6tT©*JBT*»Ufc (RIB 
A, B*±lXC) , 

CO 0 5 7] T;W*U»Wtt»C±0WRl/fcpHPDI16 DN 
A *5 1 0g£ffitt [lOnM Tris-HCl(pH7.5), lOOmM NaC 
1, 6mM MgCh , 6mM *)V%-f hx£ / 0. l%i? 
5^>> 101JM&© EcoRI (Xy#>v->*t) *i«10 

iHftopsti mm ] 20 ki +-c3rc i »Mfifc«. o. 

8X7*a-xyA-C«S«JcftftffV\ PDI cDNA<Z)5*gfl! 
EcoRI* £Ps t IgB#©#5j490bp <Dg$ COD N A^rtf-fc ^ 
5?X/^-K<fc9#« • mmVTzo -Jj P HPDIp4 DNA 
*5ltfg£«K [lOmM Tris-HCl(pH7.5), lOOmMNaCl, 6 



8) #§§¥6-3 8 7 7 1 

14 

mM MgCh ,6mM^;V^^hX^y-;k 0.1%i?5^ 

>> lo^fi^Psti (x ^momfico 

BamHI (Htt) ] 20m 1 *T37t l«rRHBfl«H*KU 
TPDI cDNAO 3' JBfl!|PstI*6 BamHI«#©»l. 3kb <D 
fiSODNA»rfrft»)i-«|»lxfc. 21©J:5fcLTia 
iRUfcRDNAI(fM-*n-6tl)|Q50ng*J;tf EcoRl£<i;tf 
BamHI T?#feU ««Kl/&y5X3 H^*-pUC119 

DNA»20ngft^SJfia<ODN A5-f >a h A 
?S25/xl £J:tfBS£5Ml +T161C15II*IHR&S**2: 

1tS90iDB©X-Gal. (50m 
g/al 5-^D^E-4 -JDD-3 — f > H U >>l— J3 — 
D-#5^ hfcf^/v'K. 80Mg/mWV:/ntf;i/-j3 
-D-^tf^Mf^/^K 25Mg/nl7>H3/U 

# Lfc. #^M^7Xa H* pbPDIEB£*«W*. 

[0 0 5 8] phPDIEB&fe^tcLT, KunkelS; [Kunkel, 
T.A. (1985) Proc.Natl.Acad.Sci.USA.82, 488 ] tC<fc 
V, cDNA_t£)PD I ^y^BEJUtPD I 
©«#»»fc«R^NaeI«(«M*WXbfc. PhPDIE 
B DNA ftffl(fiT*;V>">AfeJC±D*lll«BW313 ftn> 

150ug/mlO7>br5/U>*^b2xYT 
«tt (1. 6S£/tir h h U ? V >. 0. 5% NaCl :fc<fctf 1% 
/tir h-T-X hX+Xh7^ h) T37t:-«tt««*fT 
o&. 1ml* 150m g/ml ©7>K^U>* 

XYT^50mncjSaL37 t CT$^ICig«Lfco 

(odsoo ) *« o.mm\zwLtztz.*>~i? M13K07 7 

r-^ftm.0. i.=2 @STJP^37 , C30»m»fiLS^$ 
•frfco cntC70ixg/ml©SatC^:^<i:^lc^^T^>/ 
>*ttlA37 , C20^r^M^*ffofco «Stt*Sib» 
■lfc*tt#6*l&±it»Cl/5 ^CO 2.5M NaCU 20% 

TE«««-[10mM Tris-HCl , ImM EDTA (pH8.0)] tcS§ 

1/10#© 3 MRK^ h U A*3<k^ 2. 5^fCOX^ 7 -)V 
ftJDAJl^-80tT30»IWIMIU*&»lifcJ:DDN 

A*tt»tl/TlaliKb&. rn*70%x^y-;VT^# 

LMBEftjift 100 Ml ©TEJgffi&K&fcPLX:. «±C0 
^ffiTPKLfcdU^^tJphPDIEB *5K©-2^®DNA 

50 GGGGGCGCCGGCGCGC-3 ' , ^Sigft) ] 10pmol£?§& [10 
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OmM Tris-HCI (pH8-0) , lOmM MgCh . 7mM v? 1 :** U 
-f h-;V, ImM ATP ^<t^lO#ttCOT4^U^^l^^" 
?F*:*— i? (Sffi&tt) ] 10m 1 *T37 < C15#RBH£ 
&7Ot:iO#P0^M LTT 4 # U X £ F**-Hf£ 
-hfBphPDIEB fi*(0-*iDNA 0.2pmol 
fcitf 1 xrl CD7x-U>^»g»?K (Site-directed mu 
tagenesissystem Mutan™-!, ^fiigtt) \Z$M7k&lN 
A&»$M£10m1 £U -£<Z>5^<Z)1m1 £±i2U> 

£U 65t;i553\ 37tl55m@&, 25m 1 i0 

(±E MutaD T »-K, ff^tt) 60mffiO*]®®DNAU#- 
i?(Mutan I1, -K, f^it) *3<ktf 1 Jt£{£<Z)T4 DNAtPU* 
^-ifCMutan^-K, mW) &tQ&2SX:2ftmRJ&^Z> 

0.2M EDTA(pH8.0) 65^ 5 MMt-Sdt 

K<fcDffi«®^J$£#±31*fco #£*lfcDNA&i«3 
Ml £30m1 C0^ffiEBMH71-18iDUtS3>bfx>h-fe;Ui: 
ig-&U **305h 42t:45&$e»IC3JC^l»H»©b 
fco CtltC 300m1 CDSOCJS^ (2%A^hhU^h 
X 0.5W-XhX^h7^h, lOmM NaCk 2.5 
mM KCU lOmM MgS0< , lOmM MgCh^T^OmM^OlO 
-X) SftJ^^l^ffflSSL^ S^ICIOmI C2M13K 
07^r-v€rUa^37 < CT30^^»MS> 150m g/mltf) 
7>£i'U >*5<fctf70M B/m\V>%±*? 2 

xYT^aimi^ini^ 37t:2o^jiaLfcc *§en& 

iSg&£M4>#8iU ±^20m1 fctePKU *iiMV 
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20 



1190jg*«80Ml £g£U 37 < C10#PpfWQi!&, 150m 



g/ml07>t:->U>^^LByi/-htI^^37 , CT 

Kzem&mX7?X* F£«&-r*t>(D£M13 SEQUENCI 5K7 
NG KIT (XfttftRtf) ft«V*DNA«aBM«WrfcJ: 
C0:/5;*3F*pliPDINae£*#W*. 
[0 0 5 9] 7**UMfj*T«lll/fcphPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3' , 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-3 ' 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG^3 ' 



*Mg£*8& [IOeM Tris-HCl (pHS.O), 20mM NaCl, 7mM 
MgCh , 7J|M!fc©NaeI (Xy#>v->tt) *3<i;tfl0iji 
ffiOHind III (£g&tt) ] 30ur*"C37t4WfMiBflS 
«o.8X7*D-xy;k«ailc»ftfT^«!ii.7kb ofiS© 

dn AWrH-t^5^^9^-fc<fc d»* • mmhft. fc 

ffcbfc:/5XSFpUC119Sig <D«^£«TO^JliTrT^ 
fc (SI HA) . 

[0 0 6 0] 7^X5 F^^-pUC119 DNA 1m g£i§ 
fKtlOOmM Tris • HC1 (pH7.5), lOmM MgCh ,50mM NaCl 
S<ktfl2»tt© EcoRI (x */#>>?->&) ] 20m 1 * 
T37tl«rBHBflSUfca, 70 , C5^mjDS»LT»*** 

tt*X7r^^i»tt (Sfifitt) £in*T37x;ii$ 

X*/-^tt«fcfflV>DNA*S«bfc. JIODNA 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

OEW*»6J«SIhoI«ttft'&MholU 
SiK [66mM Tris -HCl(pH 7.5) , 6.6mM MgCli , lOmM 
5^*XW 1 — ;K O.lmM ATP fe«fctf 300»ttOT4 

DNAUif— k (sestt) ] 30m i +Ti6t:-*fiai 

Ltzo ^CO^fiSlOMl *ffl^T*B*JM107 *3>tT 

^>h-fe;w**^3/»>Attic«^»iwafcu 50Mg/ 

ml<D7>t:vU>^trLB^l/-hlC^#37 , C-«fe« 
life. fcSftfcnax-lC'SVvr, 7;V*U*MSft 

Z£\Z& D BWtr«XhoIU >*-**pUC119 EcoRIOtt 
fc»AStl&75*5 FDNAt»J»»bfc. 

[0 0 6 1] «TOBJI*'b , 34«JB©*U^irW* 
?F : 



^gflDNA'&jBK« (Applied Biosystemstt, ^ExJI/38 
OB) tJHV>T&dftbfc. ^ne.#>«ri^30 pool «4ft 

[50mM Tris -HCl(pH7.6), lOmM NgClt , toMPtt 40 
7s W I — ;K 0.2mM ATP Rt;6*fi:OT4 
^H^-if (SfiJia) ] 25m 1 WC1«K 

u^{ri/*?F**&»«ftigir (^ ioom i ) ioo 

^rfT^^o 600m<4^)T4 DNAU«-1f (Sfl 

iltt) *JW*16'CT-|ft«fiU, 77^>hMOigj|8 



[0 0 6 2] ±3fiOXhoIU>*-S*XUfc^^*-^ 
7X5 F 1 m g [lOOmM Tris • HC1 (pH7. 5) , 10m 
M MgCU , lOOmM NaCK 10*tt© BamHI (-7*>v- 
>tt) *J:«12*fi©Xhor (SfiJfttt) ] 20m 1 +T37 

*IB*6X^/--JPttRte±0DNA*iaJKbfc. eico 
DNAt±5E© 4 oco^- U if* F <D»»t J; D 

»6n&=*iDNA7?W>h»^Mi6« [66mM 
Tris-HCl (pH7. 5 ) * 6.6mM MgCls , lOmMv^XK 
O.lmM ATP *«trX 300*ffi<DT4 DNAUif- 

i? ®a«tt) ] 30m i *Ti6r-«fe«au^o ^co® 

*^->«>Attfcffi^»HCIftU 50/* g/Bl©7>K2/ 
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d n a (Dm&mpmmfr o z. t \z ± o @ m ztm 

5F£ pUC119Sigt^#Wc. 

[0 0 6 3] ±fS<^i@Tf£8Lfc:^XS H PUC119S 
ig dM*7)WV®W&rmmhrco ^DNA2/zg 
[lOmM Tris-HCl(pH8.0h lOOmM NaCK 7mM MgCl 
2 , 8»ft©StuI (X*y#>v->*t) feitflWItfiD 
Hind III (Sigjgtt) ] *T3rC4eHBIft« 0.8%7 J0 
3tfD-^yjk««*ttt*^ »3.2kb ©&3©DNA 

T#£n&phPDINaefi3fe©1.7kb DNA #ftf-*550ng£pUCl 
19 SigS&©3.2kb DNA Kf>«e50iig*S«aa5^y- 
X3>^; hAfK30xil B»6m1 *-C16lC30$HWS& 
10m 1 ««^^r*;P^«>At6fc«tD*BH«HB101 
3>Kx>Hr;V (SfiiStt) tlMfiftU 50m1 / 
nl©7>fc^U>£^frLB:/!/-Mc£V>fco dcD^ 

u- h ^37t:-^®*r^ ct\z£K>&ztitzuu-- 

HSU •HH^ftJBVi/tOWfftfriCtKiO, 

Lfc. CCOy^X^ F£phPDILyl<h£tt«-fc. 
[0 0 6 4] £U©±5fcbT«6n&U-^-EJ!l* 

©r/nqE-^-^ETTSraStti'K. KT©?Wfc 

■SK«fcDII«L;fc±B phFDILyl DNA 7/tl 

[lOOmM Tris * HC1 (pH8.0) , lOOmM NaCK 7mM MgCU 30 
S«fctf40#ft© EcoRI (-^^>v ? ->tt) ] 100m 1 
*T37TC2»|BiB{fc*. *«©7x;-*/?DDW 

tel/10*©3MftK^hy»>A(pH5.3) fe.tr/ 2.5^© 

LSOjxl ©KlenowKSffiK (Kilo-Sequence ^Deletion K 
it, SSJfitt) fc*j*U 4JjM4©Klenow fragment & 40 
mm GHRfitt) *Jn«rC45»IBK*a**J:tK:J: 
DEcoRI flKf^WSfctfr^fc. EOMKfc^T 
2®©7xy-;V/jrOD*>l.AaHlftfftt^ wen 
fc*BK:i/10«©3M*«^hU»>A (PH5.3 ) *5<fctf 
2.5*©X*y-;i*»*.ffl£U -4(TClttlHII»«l/ 

tz* aii>fcj:Dff6nfcaaft7oxx^-/--*T»?s« 

«BE«*U 50ul ©Klenow^gfig (Kilo-Sequence JB 
Deletion Kit, SgjgID fc*#U 4mtt© Klenow f 
ragment (Sigjgtt) tlD*37 , C45»|yiElSa#4 
tC<fcD EcoRl«»»»<03F»fl:Sff-3fc. ^©iBiKte^ 50 



»W¥6-3 8 7 7 1 

18 

&nfc*JBfclA0e©3MBR^-hU^A (pH5.3 ) *5 
<fctf 2.5*©X*/-;«*ABfcU -4WC1»W# 
Mbfco ai&lc<kD#6*afcttJR*70Xx^/-;««s 
»«»Ett*U ?§?£[10mM Tris • HC1 (pH8. 0), 60mM 
NaCK 7mM MgCU *<tmO#fi®BainHI(Xy#>5;-> 
ft) ] 40tfl fc**l,3rc3IMB^atf&. 
DNAgiS^ 0.8%7^D-xyjVSgl*»llC^tt, S9 
1.8kb ©DNAWfrfc^X/t*^-T»Ji-*ML 
fc. 7**U»**TW»bfcpIDB-Ara-HSA-A 

(»W¥2-U7384^&W DNASul [lOmM Tris 

HCl(pH8.0), lOOmM Nad, 7mM MgCls :fc<fctf24J|i&©Xh 
ol (SBjfitt) ] 100// 1 *T3TC 2ttlU«Mb& 7x 

l/10*©3lllgfflW- h U £ A (pH5. 3) fecttX 2. 5s£©X 
* 7 U -4CC 2KpMIIWtSB80fcJ:D 
fctJK<hLTDNA fcBKLfc. 21 ©DMA £t3B£70%X^/ 
-;i/Ttt»«*Eft»U 50m 1 ©KlenowS«ffi (Kilo 
-Sequence Deletion Kit. £ffigtt) fcWBU 4¥ffi 
© Klenow fragment £iD*.3rC45#[B£jfc 
***c:tfc±DnoI«BfW»©¥IIMbftffofc. -© 
ico^T 2 in©7 x y n n*;i/AJft Hi^fr 

1»6tl&*lifcl/l0*©3y*«^hU9A (PH 

5.3) 2.5«©x^y-;i/«jtoA«^u -40*c 

1RB» ^D^JcOitS^UTDNA&lHliKbfco 
^^tlfcDNA $70X x^y-^Tft*MHte*aiU, 8 
^[10mM Tris -HCl(pH8.0), 60mM NaCl,7nM MgCh fe 
<t mo^ft COBamHI (~ y # > >tt) ] 40 Ml 

37 t C75»W^ftLfco ^©SSSICIOmI © 2M Tris 

•hci(ph8.o), hom i omm^^zf im&©^c®s 

C75 tti*7M>J7tX77^ (StSBtt) ^tD 

Afg'&u 60t: l^jnaf sctjcto^ifs^ra© 
5 7 Ru>«fl^«ftffofc. #snfc»«rci/io»fl!> 

3MSK^hU^A(pH5.3) fe<t^ 2.5§©X^/-J^ 

iDAS^u, -4ox: lRwuwiufc, a^fcctotOBi 

LTDNA ^[HliRL®EE«:jft^20Ml ©TEfcWBl, 0.8% 
7«a-^y;Utt»*l6^Jt&. f58kb ©DNA IRfr* 
^5X/^^y-ftfflt^TH«U&. K±©<fc^(CLT# 
6nfcphPDILyl**©1.8kb DNA Sffr^SOngfei^pJDB 
-ADH-HSA-A**©8kbDNA(Wfr*550ng$^ffiig*tDNA 
y-5/3>*yhA*30al , Btt 6m1 iJB^b, 16 

*c 2.5Krms^#nDNA zmuzvtc n&tatm 

mm0ti\ tfflViT*^5/^AS5KJ:D*»«C600»ft 
^HS&U 50m1 /Ml©7>tf'> I J>&^tPLByi/ 

^T7JU*U«BftC«tD^^5HrMA SiSSU, ftf 
K»*«P«r*ff &3 s: ifc J: 0 B«£T ^7;Un-;ut 

pdi *a«sLfc^7x$Hft«i*'rswB«»#*a« 
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HhPDILylfcfcttW'fc. *fc. C OMSPD 
I <0N5R«75/W4Asp *6Gly fcBfcgSftfc. 
[0 0 6 5] bhPDI ^^Bfcffl©3>hD-;U 

iUgbfcpJDB-ADH-HSA-A DNA 5m 1 4?§i& [lOmM Tris- 
HCI,100nM NaCl, 7mM MgCl 2 , 24#ffi©XhoI (SjRi 
tt) *,fctf29»ffifl!> BamHI (Xytf ] 100 

»ih« 2isifT^#6 > nfc*iitci/io^(D3MKK^h , j»> 

A(pH5.3) 2.5*©X^y-;PfefllAB-&U - i0 

40 , C2[^F^Hm^lC < kODNA 4it«£:bT[IliRb 
fco £©DNA *70XX*/-;VTtt»a, *E«*U 
50/zl ©KlenowHWSc (Kilo-Sequence Deletion Kit, 
^ffiiitt) 4*{i© Klenow fragment (SS 

Jfilfc) £^T37*C45»raSiS$^^a:tCJ:DXlioI^ 
<fctfBamHI «K»»0¥»ft*ffofc. 

*^(Cl/10^(O3MftK±h T J^A(pH 5.3)*5«fctf 2.5§ 
©X*/-;i/ftiD*S'&U -40*0 1 ftniHHHfrbl;: 

8kb ©dna ww-*^^/xi>if-Tia«L&. nzntc 

DNA (Kfr»50iig4£«j§ttDNA 7^y->3>^yh© 
A»30mI , B»c6m1 &»&u 161C— *RjSS1t\ 
SB*l8K:±D8RttftU&. £©DNA MKiOjti 4ffl^ 
T*»M 101*3 >K?>Hs^ (£ig5§*fc) 4#;i^> 
^AttKiDJMMEStU 50m 1 /ml©7>bvU>4 
^LByV-htC^#37 t C-^«^Lfeo i^/cHP 
X-lC^^T7;^U^*^tCJ:Dy^X^HDNA 4P! 
»U »IIBII*tf#r*fT^ BMiT*:3>hn--JW8 ^ 

[0 0 6 6] bhPDI ©BjglCcfcaggg. 
±EO#JiTr««U«:fchPDI Wa^XSHpAHhPDIL 
yl«ffl^TKTfc*-r*ftTt hPDI ©#Sfc«fc*58S- 

4ff Ofco 

[0 0 6 7] YPD/l/-f (2%A9b^h>, ISM* 
-XhX^h7^h, 2X7 H^ttfeJctf 1.5**30 
±T*«LfcBI*AH22ac©*3DX-& 5ml©YPDJg 

0.9ml 445ml© YPDigiffilC»gb30t:TS 

4 3ml© 0.2MLiSCNIc!B83U -£©5*5© lnlfifofrfc 
^»tfclRtLT«*ftlHliKL&. C(DmmzA6u\ ©50 
% PEG#4000, 10 Ml ©LiSCN *<ktf7;k&U SBfeT 
tiSbfcpAHhPDILyl DNAigi&lOM 1 (DNA27m 1 4Jn 
Afe!^x*>yfc<fcDfi'&U 30t:T-!&&fibfc. 

;inic iBio«B*ftjDAHaa«^fc±o«*sa« 50 
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<hLTIeIiKLfCo £©S#4100m1 ©SS*TSKS 
U SD (-Leu) [SD(-Leu)J&SS (0.67*/1£h 

xbny>^-X, 2X71«£«N 20mg/l 07t->, 

fcX H*?:*x>, 30mg/l ©^n-», RWVn 
BUyX 50mg/l ©7xX;b7^X>, 100m 
g /l ©7X;X5*>B, mif)V?*>&* 150mg ./l 
©A*U>, 200mg/l ©Xl/*X>*,tW 375mg/l © 

•tu> (a±©75/ma»3»«ao > 1.5% 

ft»JME**& 5ml©SD (-Leu) ftmz&mVSOX; 2 0 
WBHWMtbfc. C©frig*S£ 100m 14 5ml©YPD 
«ifi^SaL30 , C24^raSB®ilLfc o ft6tlfc««tt 

i.5bis»l^(«c*»±i» 5oom i sb«u cintc 
**©x^y-A'ftinAiB'&«sktfc iRfB»«Lfc. 

JtltLTH«L*E«il/ft. »64lfctHR*10Ml 
©SDS-PAGEfl3tf>7jUg«f£ (125mM Tris-HCl (pH6.8) 
, 4XSDS , 20Xyj-feUX lOXfl-^W&^hX^ 

y-;^ ( fctfo.oi%yp : £7x;-;^;M fcigs? 

U 5^PBjRtimSDS-PAG 71/- MO/20 (JB-flS** 

a) ict*»*» strife. £©y;i/4$fefcifc (0.15% 

^UU7>h^;V- 10%»Ki5ctmo%^^ 
J—M T^fem, KfiS (10%SK*5J:tM0%^^/ 
-;W tc§b, *a«iftfi»fl:b&. ^©fRnvhn- 
;VtbT±IEpAH 4ttJ^tbT±^©pAHhPDILyllCO 

mzfoWiLfZo »fIg*^tT7tX7t'J7^b 
(^S94.000) , VZ/Jkm7)V7$> (67,000) , ^* 

#7;l/^^> (43,000) , *-fcy^7>t H^-if 
(30,000) , ^MhUy-»-r>tH^- (20,000) ^ 

ir/a-^^ hy;l/^> (14,000) ftffl^fc (^3 

.h).. *-©&*, »Tfi*?j55K ©sss**i.ta-rct** 

d©5>^fi^ )£&PDI ©^^^-^bT^ 
^JSMtnt hPDI #t58a»tBbfcfe©t»|»3n 

d ^4 B tti bTKT©¥llT^S«?l4fTo fc. 
[0 0 6 8] pAHhPDILyl4^r^»#AH22*©#n 
DX-480ml©SD (-Leu) *Jftfc»aL, 30t: 2BHS 

»J>KSSS (YPDfitt, 6g/l ©Na 2 HPO* *5 
cktX 3g/l ©KH 2 PO^ PH7.0) iCSffib, 30t:2 
4i$fB&Big*4fTofco Cl©«illg4Si^SitC^^ 
J:ffl4@iRbOT©^ffi^^©JftStCfflV^o 
[0 0 6 9] 

»«3&^ e ©m^x. b h p p i ©mm ^^©^ftfe 
±is©cfc 5 tcbT^e>nfc^sem»sssis»4 1 

4, sy#7-5U*>l8rt«MI (»»» : P«30 > 00 

0) 4fflVv 40f&SJg4fTofc (100ml) TSK-gel Phe 
nyl-5PW^*tt^5A»CiD> bhPDI4^Hbfc 0 
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J*#tt*5iUa0.85M8fcfc 0.05% NaNs fc^tflOmM* 
^K-10mM KCllMHKpH 8.01f¥«fl:lyfct)fl!)*6, 1 

ml/min £<0jg;££S§4 HfcjRt^ 35 5 01:: 

a. ^st^nfchhPD i<DSDsm&*»0£;R-ro 

lc<toTb hPD I \t (2 £*-or>i£# £ T#8S £ tU 
#0, PD lStt*«»LTVi5Ct39tW63MC&o 

[0 0 7 0] PDiatOMg 

pd I Stt<z>SJ^«, ®7c • £tt ■ B»fcfcJ;££ST 
fP»U&X^9>^HU#^irU7— t?A(RNase A) 

^^W7-1?A©WllJ«oaflB4 % ^C0»5RSi$CDlHlS 

[0 0 7 1] Xpyy^JV HRNase A ©US® : 120mg(DR 
Nase A £6M^7x>>>fi&, 0. ISMS^^X W h- 

;nfc*tr 3 mi ©o. m h u x&&jg«8a>H8. 6 tc^Ufc 

£0.01N HC1 T?¥«fl:aii:&-fe7y5 s y^XG-25*5A 
(15mm 0X 38cm) TStcSIS^SL^o JlORttttteif 

X*injfcpH*9.0 S-Si!8'&GD£&KJ& : £lf£ 

Br* 4Wi4Bmntet>#rz<, c:cok»^-8o , ct«# 

U&*>©*X^9>^ HRNase A tLT&mislt. 
[0 0 7 2] PDISttCE>M£:SM*ftJKU^55ril 

l J>KSSfffi (pH 7.5) 20mltC, 10m 1 (DMVttXU 

*0, 20m1 CE)ff»tm2:Sif&55tfCU>Kaffi|[(tfH 

7.5) 420m 1 lCjD^30t:T5»¥K@r^o Httfc±C 
X9?>7)1 HRNase SgJKSO/zl ^»DA30'C, 15#¥K 
Jft£-££o ddT* 1. 945ml 0M»Lfc5Omy HJ Xifc 
S. 5mN ififcT^v^A, 25mM^fl:*'JC7A&'g'tfS 
SSKpH7.5 \Z, 50m1 O^f-XhRNAgffi (lOmMHU 
X£&Jg«i£pH7. 5/lmM EDTA, 28OM08yt«8Ofc&* J; 
PiCi«tfSUfct)CO) ftlcaft5»-fc*fcJPA, 

Onm TOK3ME3WSfclxav^tft«BUT*<. 
*XW h-;WaaiyfcX^5>^;PH RNase AigjftA* 
6 5 mi ato, £tt*l:;W©B»fc*iffcj&«&, 0.2 

»*fc2»IB260nni T?OK3ta*ai«. P D I Sttte26 

[0 0 7 3] bhPDI %g7yX5 KpAHhPDILylfc«fc 
^BiHI S2 3ftg)»mE» 

t HPD I*»^9X5 HpAHhPDILyl£flH>T, ST© 
*JHfctt^HSA£j8SSH I S2 3* H*WF2-57 
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885 ^/«XWW»JB11351 * (FERM P-113 
8) ] fc^Hig&Lfco 
[0 0 7 4] YPD^V-H (2X/tjr hhU^hX 

V 1.5%^) JiTf*«bfcHS A»S»«H I S 2 3 
&©i|i-nnr:-£5nil<DYPDJgifi 
7hX lX-f-Xhx*Xh5*h33j;tf2X:/Hl? 
tt) IC&SU 3 0t^2 4l*|Bffl»tf*L&. 
««linlS5 0nl©YPD*«lC»aa3 O^THS® 
J0 SU ODaoo (*£) ft* 0.5lS^SL^ltu5Tl 

4 6m1 CDS 0%#>jx^l/>£f»jn-;i,#4000, 1 0 
Ml CDL i SCN*±«7;W*U«Btt [Biroboim, H. 
C. & Doly, J. (1979) Nucleic AcidsRes . _7, 151 
3-]T?«HHxfckhPDI«a^X5HpAHhPDILyl DN 
A^IOmI (DNAfi2 0Mg») fcJnAK^y? 

LTInliRLfc. ^(OB*S i o o Ml ottMornn 
# SD (-Hi s, -Leu) ?V—Y [SD (-H 
i s, -Leu) i&Jfi (0. 67% Mr H - H ay 
X, 2%^H^tf, 2 0mg/l 07f-X f^^v- 

3 0mg/i (DfDyX B^fVD-fi/X HU$*X 5 
0mg/l 07x-^77->, 10 0mg/l 07X^7 

ny;ws>lk is omg/i 20 

Omg/l ©Hl^xxfe^r/S 7 5mg/l ©-fcU> (K 

[0 0 7 5] ft&ft&#ME&# (pAHhPDILyl/HIS23) 

R3>hn-;V*HibT* pAHhPDILyl*6PDIcDNA flS 
^^f^V>fcn > h D-J1/^X^ H p AH*ffl^T# ^ 
nfc^Hej»fr(pAH/HIS23)^«Tffiffibfco >^U-H 
±®nn--$5mlcoSD (-Hi s, -Leu) Hlb 

»c»at3ot:T2B mmm «n u&. c o«ris««c 1 

0 0 Ml *5ml©YPD**K»a«3 0 l C2 4WflBfi* 

ss«L, ^e,nfc^«?s i.an*»-&»»fc*^*© 
4» ±fS5 0 0 Mi ^m«t, ;infc«e©x^y-;psiin 

xA#V-^-lCctD«KS£JSLfco #&n£t«S£l 
0m1 CDSDS-PAGEffl-y->^;l/S»at [62.5mMT 
ris-HCl(pH6.8), 2%SDS, , 5%3-^;i/*yhX 
9J—)V* 0.005%yD^E^x/-;^Jl/«-^cfc^2 0 
XfU-fey>] (Cg*L, 5»mtMSDS-PAG 

y h 4 / 2 0 -1010 (^->fb#^a«cS^aSi) T 
fcftiWftftfMfc. *»a©y;v*!fte* (o.i5%^v 
5^ ^-^yu7>h^-, 1 o%@^K^ctr;4 0%^^ 
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J-M r$k&'&. (1 0XH*e«ktf4 0X* 

94 ( 000y;Vh>cfc, 9^Jhfll7^5> (67,000) , * 
#T)VZf-i> (43,000) , ■ *-#-y^7>fcH5—tf 
(30,000) > *HhU^5/>>f >tK^- (20,000) £ 
±tfa-9^ h7;V^^> (14,000) (Jf§6 
0) . pAHhPDILyllCioT^gteftbfcB® 
H I S 2 3#T. »Tp»»55 > CX)0^h>OPD I <D58 

[0 0 7 6] fchPDIOHS A»s»»fcjifr^aw 

±E0E)»*fc*»*HS A*±»PD I ©*«a*tffl 
V>T, thPDIOHS A»a»tBfcJfT t ftT 

[0 0 7 7] 3 > h D-j^7X5 H p AHiitf t h 
PD I HpAHhPDILyl**l*tlfcJ:oT»R 
«ftbfc»«HI S2 3«, EP%pAH/HIS2 3tt 
:fe£tfpAHhPDILyl/HIS23 ttOffitf Lfcn 5 
^£&*5ml0SD (-Hi s. -Leu) igttllc&fl 
U3 0 < CT2 4^ratu«*^ffofco £0>fiJ££?8El 0 
O/il **n-6tl5Bl©YPD*«fc»aL3 0t:iT2 
4ttWS»»SfTfcK ftlM^&MWfflfr^fc* 
ttfc«kDSDS-PAGEfl!©tmSBm/SDS-P 
AGEfcfrfcofc (B7BD . #6nfcy*ft«^T» 
£#<Z)HSA#»g£x>^M-^- (IMAGE ANALYS 
IS SYSTEM > x7ri*te££&SD TJfeMsU PD I <D 
*»SlCJ:*HSAa>«8l»»*0«fc*Wcfc OB 8 
0) . *4>ISJ!, pAH/H I S 2 3*T¥^0.93nig/ 



24 



J0 



20 



1 £fcpAHhPDILyl/HIS23 *fetfH U < 1- 50mg/l <2HS 
A£#»bT43 0, »*HI S-2 3«fc*W5thPD 
I©*«aiCJ;0, HSA0»»«iWC»6OX© 

[0 0 7 8] 

fc ± 0, t h P D I ©*A££ft©¥8*ffl»T*ftU 

fc^oT&^o ^ntc^D, ^CO^S^ s-sifr&© 

[0 0 7 9] 

vssm 
mm^ : i 

mm<0&1S : 2454 

fg©» : -*m 

mmomm : cDNA to inRNA 

jBK: bMFFMXaeSAgt 11 cDNArM^U- (CI 
ontechtt) 



mm 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 



—703— 



(14) #W¥6-3 8 7 7 1 

25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val lie Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His lie Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp His Thr Asp Asn Gin Arg lie Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu lie Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1209 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1257 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
lie Val He Ala Lys Met Asp Ser Thr Ala Asn Gla Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1401 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1449 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 1655 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 2015 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 2435 
AAAAAAAAAA CCCGAATTC 2454 
2 m<D&: 
KfllOfiS : 1545 h#Dv- : j 

mwom : mmvmm : fototm (¥^dna) 

mi 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 
-20 -15 
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29 30 
TTC TTG TTC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys lie Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Glu Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Val lie Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 

mm^ : 3 h#as>- : ram 

m\v>&ls- 491 EftattR: *>S^ft 
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33 34 
Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys lie Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

* 245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe lie 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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35 36 
Glu Asn He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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